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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor device which can suppress impurity 
diffusion and infiltration of water or hydroxyl ions for 
improving its reliability. 

SOLUTION: Formed on an element isolation insulating 
film 1 1 is a wiring layer 20 of a plurality of first metal 
wiring lines. Formed on the insulating film 1 1 and the first a. 
metallic wiring layer 20 are a silicon oxide film 31 added 
in high concentration of fluorine, a silicon nitride film 32 
and an Si02 film 33. The Si02 film 33 higher in relative 
permittivity than the SiOF film 31 but lower than that of 
the silicon nitride film 32. Formed, in the SiOF film 31, 
silicon nitride film 32 and Si02 film 33 is a via hole for 
connection with the first wiring layer 20. A W plug 

material 41 is embedded in the via hole. A second metal wiring layer 50 is formed on the 
film 33. 




Si02 



LEGAL STATUS 

[Date of request for examination] 29.03.2001 

[Date of sending the examiner's decision of 
rejection] 



http://wwwl .ipdl,jpo.go,jp/PAl/result/detail/main/wAAAa28 197DA41 1 1 1 1 845P1 .htm 



3/31/03 



Searching PAJ 



Page 2 of 2 



[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 
[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



http://wwwl .ipdl,jpo.go,jp/PAl/result/detail/main/wAAAa28 1 97DA41 1111 845P1 .htm 3/3 1/03 



Page 1 of 7 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device 
which has the layer insulation film with which a multilayer interconnection is insulated, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] Si02 currently conventionally used as a layer insulation film by the 
influence which between wiring and a multilayer layer insulation membrane capacitance have on a 
semiconductor-device performance (processing speed, power consumption) becoming large in recent 
years Development of the technology of using a low low dielectric constant insulator layer for a layer 
insulation film from specific inductive capacity (=3.9) is furthered. 

[0003] As an insulator layer of a low dielectric constant, it is Si02. The material which added a fluorine 
(F) and boron (B) to structure is known. However, usual Si02 By the membranous membrane formation 
method, they are these additives in a stable state Si02 Incorporating in a film is not easy. They are these 
additives Si02 In order to incorporate in the state where it was stabilized in the film, the technology 
which forms membranes using the HDP-CVD (High Density Plasma-Chemical Vapor Deposition) 
method which raised plasma density further from before is known. 

[0004] however, the dangling bond and CHx which were conventionally generated inside the film by the 
membrane formation method in the film formed by High-Density-Plasma (HDP) using the gas system 
which does not contain carbon from - the absolute magnitude of the becoming unstable structure 
decreases sharply Therefore, excessive F and the hydroxide ion which were incorporated in the film had 
the problem of it having been spread in the upper wiring direction and degrading the adhesion of a metal 
and an insulator layer, without reacting and recombining with the above-mentioned defective field. 
[0005] Furthermore, it was easy to diffuse the water and the hydroxide ion by which diffusion 
introduction is carried out from a semiconductor external environment in the aforementioned insulating 
inside-of-the-body section, and there was a problem that degradation of an element property metallurgy 
group wiring property tends to take place. 

[0006] Moreover, in the low dielectric constant film of organic system low dielectric constant films, 
such as an SOG film and a polyimide, whose specific inductive capacity is less than 3.9, it is rich in 
hygroscopicity similarly besides a SiOF film, and there is a problem of degrading an element property 
and the property of metal wiring. 
[0007] 

[Problem(s) to be Solved by the Invention] As described above, when the low dielectric constant 
insulator layer whose specific inductive capacity is less than 3.9 was used for the layer insulation film 
which carries out insulating separation of between the upper wiring and lower layer wiring, there was a 
problem of the impurity added by the layer insulation film having been spread in the upper wiring 
direction, and degrading the adhesion of a metal and an insulator layer. Moreover, the low dielectric 
constant insulator layer was rich in permeability, and water, a hydroxide ion, etc. tended to diffuse it, 
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and it had the problem of degrading an element property, wiring, etc. 

[0008] The purpose of this invention suppresses diffusion of the impurity added by the layer insulation 
film which carries out the separation insulation of between the upper wiring and lower layer wiring, and 
the water to this layer insulation film and the invasion of a hydroxide ion, and is to offer the 
semiconductor device which can aim at improvement in the reliability of an element. 
[0009] 

[Means for Solving the Problem] 

[Composition] this invention is constituted as follows, in order to attain the above-mentioned purpose. 

(1) The semiconductor device of this invention (claim 1) The specific inductive capacity formed on the 
lower layer wiring formed on the substrate, and the aforementioned substrate and lower layer wiring 
Less than 3.9 lower layer insulator layer, It is formed on this lower layer insulator layer, and specific 
inductive capacity is higher than this lower layer insulator layer, the permeability of water and a 
hydroxide ion A low diffusion suppression insulator layer, It is formed on this diffusion suppression 
insulator layer, and specific inductive capacity possesses the low upper insulator layer and the upper 
wiring which embedded at formation or this upper insulator layer, and was formed on the 
aforementioned upper insulator layer from this diffusion suppression insulator layer, and it is 
characterized by the bird clapper. 

(2) The manufacture method of the semiconductor device of this invention (claim 6) The process which 
forms lower layer wiring on a substrate, and the process which forms the lower layer insulator layer 
whose specific inductive capacity is less than 3.9 on the aforementioned substrate and lower layer 
wiring, The process at which specific inductive capacity is higher than this lower layer insulator layer, 
and the diffusion coefficient of water and a hydroxide ion forms a low diffusion suppression insulator 
layer on the aforementioned lower layer insulator layer, It is characterized by including the process at 
which specific inductive capacity forms the low upper insulator layer from this diffusion suppression 
insulator layer on the aforementioned diffusion suppression insulator layer, and the process which forms 
the upper wiring on the aforementioned upper insulator layer, or forms a slot in this upper insulator 
layer, and embeds and forms the upper wiring at this Mizouchi. 

[0010] The desirable embodiment of this invention is shown below. 

(A-l) The aforementioned lowest layer and the upper insulator layer are insulator layers in which a 

fluorine, boron, or carbon contains the silicon added as an impurity. 

(A-2) The aforementioned lower layer insulator layer was formed by HDP-CVD. 

(A-3) The aforementioned diffusion suppression insulator layer has the permeability of water and a 

hydroxide ion lower than the aforementioned lower layer insulator layer within the limits of 298.15- 

400. 15K at least. In addition, H2 O and D2 O are included with water. 

(B-l) The film density of the aforementioned lower layer insulator layer is lower than the film density of 
the silicon oxide obtained by thermal oxidation. 

(B-2) The aforementioned lower layer insulator layer or the upper insulator layer is an SOG film or an 
organic system insulator layer. 

(C) The thickness of the aforementioned diffusion suppression insulator layer is thinner than the 
thickness of the lower layer insulator layer on the aforementioned lower layer wiring. 

(D) The aforementioned lower layer wiring or the upper wiring is metal wiring. 

[001 1] A [operation] this invention has the following operation and effects by the above-mentioned 
composition. It enables it for the impurity added in the lower layer insulator layer to prevent being 
spread to the interface of the upper insulator layer and the upper wiring, and to prevent degradation of 
the adhesion of the upper insulator layer and the upper wiring by the diffusion suppression insulator 
layer. 

[0012] Moreover, since permeability, such as water and a hydroxide ion, is low, a diffusion suppression 
insulator layer becomes possible [ suppressing that water and a hydroxide ion are spread in the lower 
layer lower layer insulator layer ], and its reliability improves. 

[0013] Generally the insulator layer with low water and hydroxide-ion permeability is the matter with 
high specific inductive capacity. Therefore, if the upper wiring is formed on a diffusion suppression 
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insulator layer, the capacity during the upper wiring will increase. Then, when the upper insulator layer 
with specific inductive capacity lower than a diffusion suppression insulator layer is formed and the 
upper wiring forms on this upper insulator layer, the increase in multilayer layer wiring capacity is 
prevented. 

[0014] Moreover, the capacity between wiring is strongly influenced also in the insulator layer directly 
under wiring instead of the insulator layer where capacity embeds between lines. Therefore, since the 
upper insulator layer in which wiring is formed has specific inductive capacity lower than a diffusion 
suppression insulator layer, the increase in line capacity is also suppressed. 

[0015] Moreover, in order to reduce the capacity between layers between the upper layer and lower 
layer wiring, the thickness of a diffusion suppression insulator layer must make it thinner than the 
thickness on lower layer wiring of a lower layer insulator layer. Moreover, after carrying out flattening 
of the lower layer insulator layer, a semiconductor device without the variation in a property can be 
formed by forming a diffusion suppression insulator layer. 
[0016] 

[Embodiments of the Invention] The form of operation of this invention is explained with reference to a 
drawing below. 

[1st operation form] drawin g 1 is the cross section showing the composition of the semiconductor device 
which has the two-layer wiring concerning the 1st operation form of this invention. In addition, with this 
operation form, formation processes, such as isolation and MOSFET, are skipped and the isolation 
insulator layer 1 1 is formed on the semiconductor substrate 10 which is illustrating only the portion in 
connection with multilevel-metal wiring directly. The 1st metal wiring (lower layer wiring) 20 of two or 
more is formed on the isolation insulator layer 11. The laminating of the Ti film 21, the TiN film 22, and 
the aluminum-Cu alloy film 23 is carried out, and the 1st metal wiring 20 is constituted. 
[0017] On the isolation insulator layer 1 1 and the 1st metal wiring 20, it is formed of HDP-CVD, and 
the silicon oxide (following SiOF film) (lower layer insulator layer) 3 1 by which the fluorine is added 
by high concentration is formed. The value of the specific inductive capacity is 3.6, and the SiOF film 

31 is Si02. Compared with the membranous specific-inductive-capacity value 3.9, it has a low value. 
Therefore, Si02 conventionally used with the layer insulation film The capacity between wiring can be 
reduced compared with a film. 

[0018] On the SiOF film 31, the silicon nitride (diffusion suppression insulator layer) 32 of thickness 
thinner than the thickness of the SiOF film 3 1 on the 1st metal wiring 20 is formed. Since the network of 
Si-N is a firm, i.e., are precise, film, the path which contributes to diffusion of water and a hydroxide ion 
becomes possible [ existing as the extremely few structure ], the permeability of water (H2 O, D2 O) and 
a hydroxide ion serves as a low insulator layer compared with the SiOF film 31, and the silicon nitride 

32 suppresses that water and a hydroxide ion invade into the SiOF film 31. Moreover, Si02 which F 
[ surplus / in the SiOF film 3 1 ] mentions later similarly It prevents being spread in a film and is this 
Si02. A film and the thing which are mentioned later and for which degradation of the adhesion of the 
2nd metal wiring is prevented become possible. 

[0019] It is Si02 on the silicon nitride 32. The film (the upper insulator layer) 33 is formed. Si02 The 
specific inductive capacity of a film 33 is higher than the SiOF film 31, and has a value lower than the 
silicon nitride 32. 

[0020] The SiOF film 31, the silicon nitride 32, and Si02 The veer hole linked to the 1st metal wiring 
20 is formed in a film 33, and W plug material 41 is embedded and formed all over the veer hole. 
[0021] Si02 The 2nd metal wiring (the upper wiring) 50 of two or more is formed on the film 33. The 
laminating of the Ti film 51, the TiN film 52, and the aluminum-Cu alloy film 53 is carried out, and this 
2nd metal wiring 50 is constituted. Moreover, the 2nd metal wiring 50 of one is connected to W plug 
material 41. 

[0022] Si02 The SiON film 61 is formed as a passivation insulator layer for protecting a chip on a film 

33 and the 2nd metal wiring 50. The connection aperture 62 linked to the 2nd metal wiring 50 is formed 
in the SiON film 61. 

[0023] Subsequently, the manufacturing process of this semiconductor device is explained. Drawing 2 
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and 3 are the process cross sections showing the manufacture method of the two-layer metal wiring 
concerning the 1st operation form of this invention. In this process cross section, isolation and an 
MOSFET formation process are skipped and only the process portion in connection with two-layer 
metal wiring formation is illustrated directly. 

[0024] First, after depositing the isolation insulator layer 1 1 used as the discrete insulating layer of the 
wiring behind formed on the semiconductor substrate 10, 20nm laminating of the Ti film 21 is carried 
out on an insulator layer 1 1 . And the TiN film 22 is deposited by the spatter in 700nm thickness on the 
Ti film 21. Continuously, on the TiN film 22, a spatter is used and the aluminum-Cu alloy film 23 is 
deposited in 400nm thickness. Subsequently, a resist pattern is formed on the aluminum-Cu alloy film 
23 of a wiring portion using lithography technology. And a resist pattern is removed, after 
********** mg the a i uminum . Cu alloy film t h e TiN film 22, and the Ti film 21 one by one and 
carrying out formation processing of the 1st metal wiring 20 using the RIE (Reactive Ion Etching) 
method by using a resist pattern as a mask ( drawing 2 (a)). 

[0025] Subsequently, it is Bias-HDP as shown in drawing 2 (b). 1.3 micrometers of SiOF films 3 1 are 
deposited using the CVD (Bias-HighDensityPlasma ChemicalVaporDepositioin) method, membrane 
formation of the SiOF film 31 - the inside of the HDP-CVD system of ICP-Type ~ SiF4 / 02 from - 
the gas system which added Ar gas for acquiring the Bias spatter effect was introduced into the 
becoming reactant gas, and it carried out by the plasma density of lxl 012cm-3 
[0026] In the reactant gas for forming the SiOF film 31 TEOS/02/NF3 used as the source of Si, 
TEOS/02 / CF4, and TEOS/02/C2 F2 etc. ~ the gas system which added the material which has a 
fluorine in TEOS gas in composition gas ~ SiH4 / 02 / CF4 used as the source of Si, and SiH4/02/C2 
F6 etc. ~ SiH4 the gas system which added the material which has a gas fluorine in composition gas — 
SiH2 F2 / SiF4 / 02, and 02 SiF4 / SiH4 / 02, and SiH two F2 / SiH4 / 02 etc. - Si and F can use the 
gas system contained in 1 molecule of reactant gas [ or ] It is more more desirable to use the material gas 
used as the simple system which does not contain carbon for the gas which serves as a source of Si 
among the above. 

[0027] By using HDP-CVD, the ion obtained in the case of membrane formation becomes possible 
[ obtaining an insulator layer with few defects in the molecule network which constitutes a film from a 
bird clapper with the gestalt of simpler and stable ion as compared with the former as supply on a wafer 
is possible ]. For example, the value of the film obtained by HDP-CVD to E'center of 6x1018 [spin/cm3] 
having been observed as a result of [ which twists the film obtained by the CVD system of the 
conventional parallel monotonous type electrode to an ESR process ] measuring was below limit of 
detection. It sets in this operation gestalt and is SiF4 / SiH4, and 02. The SiOF film 31 was deposited by 
membrane formation gas. - 

[0028] Subsequently, as shown in drawing 2 (c), the front face of the SiOF film 3 1 is ground using the 
CMP method, and flattening processing is performed. In this polish process, the SiOF film 3 1 is ground 
until the thickness of the SiOF film 3 1 on the 1st metal wiring 20 is set to 0.8 micrometers. 
[0029] Subsequently, as shown in drawing 3 (d), reactant gas and membrane formation conditions are 
continuously deposited 50nm of silicon nitrides 32 and changed by the reduced pressure plasma CVD 
method on the SiOF film 31, and it is Si02 in the same chamber. 150nm of films 33 is deposited. 
[0030] Si02 In membrane formation of a film 33, it is TEOS/02. Membrane formation in the state 
where a system and still more nearly little F compound gas were added can be considered, and it is 
Si02. Impurities, such as a fluorine and carbon, may be mixing into a film 33. 
[0031] In addition, the silicon nitride 32 and Si02 Although continuation membrane formation of the 
film 33 is carried out in the same chamber, it is also possible to perform discontinuous membrane 
formation using another chamber or another equipment. 

[0032] Subsequently, as shown in dmwingl (e), they are the SiOF film 3 1, the silicon nitride 32, and 
Si02. Puncturing formation of the veer hole connected to a film 33 with the metal wiring 20 of the 
above 1st is carried out with lithography technology and RIE technology. And selection W W plug 
material 41 is embedded only in a veer hole with CVD technology, and it forms. 
[0033] Subsequently, it is Si02 as shown in drawing 3 (f). A spatter is used on a film 33, and the Ti film 
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51 is continued by 20nm, 700nm and the aluminum-Cu alloy film 53 are continued one by one by 
400nm thickness in the TiN film 52, and it deposits. Subsequently, a resist pattern is formed on the 
aluminum-Cu film 53 of the portion used as a circuit pattern with lithography technology. And by using 
a resist pattern as a mask, by RIE, the Ti film 51, the TiN film 52, and the aluminum-Cu film 53 are 
********** ed one by one> the 2nd metal wiring 50 is formed. 

[0034] And 200nm of SiON films 61 is deposited on the whole surface by reduced pressure CVD as a 
passivation insulator layer aiming at chip protection. And the SiON film 61 on the 2nd metal wiring 50 
is removed alternatively, the connection aperture 62 for external connection is formed, and a 
semiconductor device is completed. 

[0035] According to this operation gestalt, by the silicon nitride 32, it can prevent a hydroxide ion 
invading into the SiOF film 31, and degradation of the property of an active element (MO SFET) and the 
1st metal wiring can be prevented. Moreover, for the silicon nitride 32, F [ surplus / in the SiOF film 
3 1 ] is the 2nd the metal wiring 50 and Si02. It prevents reaching the interface of a film 33 and they are 
the metal wiring 50 and Si02. Degradation of adhesion with a film 33 is prevented. 
[0036] In addition, it is also possible to use precise films, such as SiON, besides silicon nitride 32. 
[2nd operation gestalt] drawing 4 is the cross section showing the composition of the semiconductor 
device which has the two-layer metal wiring concerning the 2nd operation gestalt of this invention. In 
addition, in drawing 4 , the same sign is given to the same portion as drawing 1 , and the explanation is 
omitted. 

[0037] The feature of this operation gestalt is that the diffusion suppression insulator layer on the SiOF 
film 31 is the SiOx film (0< x<2) 34. E'center from which the SiOx film (0< x<2) 34 becomes Si- into a 
film when oxygen suffers a loss is formed. SiOx If a hydroxide ion (-OH basis) invades into a film 34, 
the reaction whose -OH basis carries out termination of the defective part of Si- will arise. Therefore, 
SiOx The absolute magnitude of the hydroxide ion supplied to the SiOF film 3 1 under a film 34 is 
reduced, and it prevents that the 1st metal wiring 20 deteriorates. 

[0038] Moreover, F [ surplus / in the SiOF film 31 ] is Si02 similarly. It prevents being spread on a film 

33 and is Si02. Degradation of the adhesion of a film 33 and the 2nd metal wiring 50 is prevented. 
Subsequently, the manufacturing process of this semiconductor device is explained. Drawing 5 and 6 are 
the process cross sections showing the manufacture method of the detailed-ized two-layer metal wiring 
concerning the 2nd operation gestalt of this invention. 

[0039] First, as shown in drawing 5 (a) after flattening of the SiOF film 31 of drawing_3_ (c) in the 1st 
operation gestalt, on the SiOF film 31, reduced pressure CVD is used and 50nm (0< x<2) of SiOx films 

34 is formed. SiOx A film 34 is Si02. Si02 according the ratio to the gas which is the source of supply 
of Si that it should compare and should consider as a silicon oxide with high Si ratio, for example, the 
total capacity of SiH4, to the usual plasma CVD It forms using the environment raised from membrane 
formation conditions. 

[0040] SiH4 although the decomposition efficiency of gas changes with equipment specifications ~ this 
time ~ SiH4 capacity ~ 1.2 usual times ~ carrying out - other membrane formation conditions ~ 
usually --**-- the ratio of Si and O was able to obtain the film of 0: 1 .7 to Si: 1 by using the same 
conditions 

[0041] SiOx After formation of a film 34, and SiH4 It changes into the conditions reduce capacity to 
1/1.2 and Si02 film grows up to be, and is Si02 in the same chamber. 150nm of films 33 is deposited. 
And the SiOF film 3 1 and SiOx A film 34 and Si02 The veer hole linked to the 1st metal wiring 20 is 
formed in a film 33, and W plug material 41 is embedded and formed in a veer hole, in addition - this 
operation gestalt - SiOx A film 34 and Si02 the ratio using another chamber or another equipment 
although continuation membrane formation of the film 33 was carried out in the same chamber - it is 
also possible to perform continuation membrane formation 

[0042] Subsequently, it is Si02 like the 1st operation gestalt. The Ti film 51, the TiN film 52, and the 
aluminum-Cu alloy film 53 form the 2nd metal wiring 50 by which the laminating was carried out on a 
film 33. And 200nm of SiON films 61 is deposited by reduced pressure CVD like the 1st operation 
gestalt. And the SiON film 61 on the 2nd metal wiring 50 is removed alternatively, and the connection 
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aperture 62 is formed ( drawing 5 (b)). 

[0043] According to this operation gestalt, it is SiOx. Since the absolute magnitude of the hydroxide ion 
supplied to the SiOF film under a film decreases, degradation of the property of an active element 
(MOSFET) and metal wiring can be prevented. Similarly, F [ surplus / in a SiOF film ] is Si02. It 
prevents being spread on a film and is Si02. Degradation of the adhesion of a film and the 2nd metal 
wiring can be prevented. 

[0044] [3rd operation gestalt] drawing 6 is the cross section showing the structure of the two-layer 
wiring concerning the 3rd operation gestalt of this invention. In drawin g 6 , the same sign is given to the 
same portion as drawing 1 , and the detailed explanation is omitted into it. The feature of this operation 
gestalt is that the insulator layer (lower layer insulator layer) formed on an insulator layer 1 1 and the 1st 
metal wiring 20 consists of low dielectric constant silicate films 35. the low dielectric constant silicate 
film 35 -- carrying out -- BPSG 5 PSG, or BSG can be used A low dielectric constant silicate film is 
Si02. Since film density is a low film compared with a film, it is the film which a hydroxide ion etc. 
tends to penetrate. 

[0045] Even if a lower layer insulator layer is the silicate film 35, it prevents that prevent spreading a 
hydroxide ion etc. on the silicate film 35, and the 1st metal wiring 20 deteriorates by the precise silicon 
nitride 32. Moreover, it is possible to use a SiOx film (0< x<2) as well as the 2nd operation gestalt. 
[0046] Next, the manufacturing process of this semiconductor device is explained. Drawing 7 is the 
process cross section showing the manufacture method of the detailed-ized two-layer metal wiring 
concerning the 2nd operation gestalt of this invention. First, the 1st metal wiring 20 which consists of 
the Ti film 21 , a TiN film 22, and an aluminum-Cu alloy film 23 is formed on the insulator layer 1 1 
formed on the semiconductor substrate 10 like the 1st operation gestalt ( drawing 7 (a)). 
[0047] Subsequently, after applying like a resist application for silicate material, rotating 3000rpm, by 
performing the second heat treatment of 30min one by one the first heat treatment of 30sec, and 450 
degrees 250 degrees, make the solvent in a film evaporate, it is made to film[ hardening and ]-ize, and 
the low dielectric constant silicate film 35 of 1.5 micrometers of thickness is formed ( drawing 7 (b)). 
[0048] In addition, inorganic [ by organic / by Hitachi Chemical Co., Ltd. / SOGR / 7 (Spin- 
OnGlass:SOG, HitachiChemicalCo., Ltd., HSG-2209 S-R7) / SAITOPPU by the Asahi glass company, 
PAE made from Sehumacher (the poly allyl-compound ether), BCB (benz-cyclo-butene) by the Dow 
Chemical Co., PFCB (bar fluoro cyclobutene) by the Dow Chemical Co., and the Dow Chemical Co. / 
SOGHSQ ] etc. can use as silicate material. 

[0049] Subsequently, as shown in drawing 7 (c), using CMP (ChemicalMechanicalPolishing) 
technology, the low dielectric constant silicate film 35 is ground, and surface flattening processing is 
performed. For example, the insulating thickness on the 1st metal wiring 20 grinds until it is set to 0.8 
micrometers. 

[0050] By passing through the process which gave drawing 3 (d) - (f) explanation of the 1st operation 
gestalt, the semiconductor device shown in drawing 6 is formed. According to this operation gestalt, 
since the absolute magnitude of the hydroxide ion supplied to the silicate film under a silicon nitride 
decreases, degradation of the property of an active element (MOSFET) and metal wiring can be 
prevented. 

[0051] As an upper insulator layer, you may use the same material as a lower layer insulator layer. In 
addition, this invention is not limited to the above-mentioned operation gestalt. For example, although 
the layer insulation film was formed by three layers, it is also possible to insert a different insulator layer 
between a diffusion suppression insulator layer and the upper insulator layer, and to constitute from four 
or more layers by the insulator layer. 

[0052] Moreover, in the above-mentioned operation gestalt, although the upper wiring was formed on 
the upper insulator layer, as shown in drawin g 8 , it is also possible to embed and form in the wiring slot 
63 formed in the upper insulator layer 33. 

[0053] This is Si02 to the structure shown in drawing 2 (d). The wiring slot 63 is formed in a film 33, 
and further, in the predetermined wiring slot 63, a veer hole is formed so that it may connect with the 
metal wiring 20 of the above 1st. After embedding and forming W plug material 41 only in this veer 
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hole, the Ti film 51 and the TiN film 52 are formed one by one in all the wiring slots 63, and it is formed 
by depositing the aluminum-Cu alloy film 53. 

[0054] Moreover, efficient consumer response (Electron Cyclotron Resonance), Helicon (Helicon 
WaveExcited Plasma), etc. can use for formation of HDP besides ICP. 

[0055] Furthermore, you may use the applied type film mentioned as a lower layer insulator layer as an 
upper insulator layer. In addition, this invention is the range which does not deviate from the summary, 
and it deforms variously and it can be carried out. 

[0056] rr . 

[Effect of the Invention] As explained above, according to this invention, water and the low diffusion 
suppression insulator layer of the permeability of a hydroxide ion, and specific inductive capacity can 
prevent [ insulator layer / lower layer / insulator layer / diffusion suppression ] degradation of an active 
element or the property of wiring highly from the lower layer insulator layer and lower layer insulator 
layer which are rich in water permeability and have an unstable impurity, aiming at the fall of wiring 
capacity by carrying out the laminating of the low upper insulator layer. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1^ 
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[Drawing 2] 
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[Drawing 3] 
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[#tfe#8] wm\ i i 2 

KAJ83 1 . i/»J 3ygftjg3 2&tf S i O2 K3 3*5 

mmztuc^t. sio 2 ii3 3tf)ttg§*¥i;L sio 

F§|3 1 J: Di«< , 5^U3>'afflai3 2J:9fivHI** 
•tfe. SiOFK3 1, ^'J3ygfl^3 2. SiOi 
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&*»*3*ITV»*. Si0 2 K3 3±t^2<^gffi 
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1 

znrmimmkmtfLzti. irnmimrmtm® 
mm®* *)&^±mt&mk - 

B^ti^lMSMk zmixtc&z k Zmikth 
ftin&^v^ymmvmm&xw^k&mik 20 

[ff*«6 ] mtiLklzTmStl&trBf&t&JMk . 

mMmx/Tmm&hizitmmm^3 . 9*>re&& 
TmmM&ms&hiMk . 

wimiim\.wmmtm&zBfS&&i-Uk. 30 

tm&tzm&BfS, Lzmn £±Mmzwt>&*&f&. 
■tixftk zittsz k imkkti*mi>m&<rm£}j 
a. 

[00013 

hmmm&tth^w&wmz<rm&mi,zm 40 

[0002] 

flJSft-OtfrS i O2 cr>)m9# ( = 3. 9)i0iSV> 

[0 0 0 33fl^«$O*feg|gi:LT«. S i O2 1?§j§ 
fcttL? ( f ) **vm ( B ) ZffitiattittfttMa 50 
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2 

&TTi. c:fii?><«i!Bj5r3c^«!STS i o 2 m> iz 
JROatfd fcliSBTtt&V*. ^ti^coaaniiBsSrS i O 

fc7"7X-?i&g£gto*:HDP-CVD (High Density 
Plasna — Qieaical Vapor Deposition ) ffiSrffl^TS, 

[0 004] L*»U A-Xy&ttLK^tfxmfd 
IrVtH igh-Density-Plasma (HD 
P) KJoTJ^SftfclgrttCli. OfclSBHiaT'liR 

rtlHHc^SfiTvvfc^v^yy^tfyF^CH, 
izBus ■ ntafrtzzkZK . imsmm^MSiix 

it. 

[ooo5]$ tica. ^mmmmx *)W®mxz 
[0006] it. s i o Fwa«c*>. ttwmmw 

[0007] 

[^B^ftl^Lidfc-rsillS] ±JEUtJ:dfc:. ±M 

mminmwMKztmftm-hmmmmzimm 
fgfflmtzma2ixx\,^^tov±Mffi&m'^k& 

ScLT^g k mmk <V$m&i£fciS-tt& k wm 

[0008] *wfl»anii. ±aES2MTFaa«ra 

•rhzuzhz. 

[0009] 

[ussrjB^-rs^^ai 

(1) *hhj (tt*«i ) <^»n^sj±. 

Sili^tgW$*«3. 9ifeSI<OTJl«5glSfc . ^WT« 
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( 2 > *m (mme > o^^gosjt^ 
t&mmmmmmhxmt. mmmvmmm 
h. 

(A-2) MiETWJe^lSJi. HDP-CVDSrCJgjSSfl 

fc. 

(A-3) MiafiScWSJffiSISJi. 4*Sr< t i> 2 9 8 . 15 
-400. 15 K<0®Hrt fci> wt . BQfETSJfciiBS J: 

OH) m^mtmmnmmmK mtit^xon t>ti 
(b-2) m^rmimm&. AiimmmtK soGntsa 

(D) I^TJIffit8^V^^h«illl*^gSSIi-CfcS. 
[0011] [f^ffl] *3ffltt. ±fSffij£fcJ: oTOT 

WiR+C^SftTv***!**!^ JJiifetilSfcJJi 
[ 0 0 1 2 ] * fc. Mt«l 

* y#S£irt-s i t z vmth z t a^t&fc* o . 
[ooi3] ***st4 tymmim^tmmt. - 

mti. *zt. m&mtmm *)itwmm#&^±. 
mmmiMtiii. mj%tmm.iz±Mmsjmm- 

[o o i 4] tti. mmsmt. ^mimsimnf>& 
t*mmx-%<. mwr<7)Mmtzt>®<m$ti 



(3) 1$m¥l 1-1 1 1845 

4 

[0 0 1 5 ] ifc. ±StT«ESi:<0S^aS§ft* 

&Zktz£->X. ^oA^y*<o$:v^ft§SB£» 
fcttZbtfTZh. 
[0016] 

10 [ltBfl<7)|liS<0®®3 *!6H^)|lii<^®S:WTtEiS 

Tmnmarnxm^ %m&m&mzwmh&® 
jsi laWMUtfiTu*. ^^-jsaesisi i±cw* 

*0>gsi*>£EE« <TJi6»> 20agg{ft$Jro> 
£lO4HBH2 0li« TiK21. TiNjg2 2 
20 OTAl-Cu£^2 34M3*iTffiU<tl?Vi 

[0017] *^SI«Sgjai 1 RVm 1 0&S5382 
o±lc. HDP-cvDmiz&^xBtiLZti. yvmt 

immizmaztix^hisvay&im (jars i of 

3 1{i. *C0ti[3m#<Dmff3. 6X3b*). SiOiM 

mm^s&mtm^tix^sioz jstit^TS 

30 [0018] SiOFjR3 1±£ % ^l<O^SffiS20 
±«s iOFJg3 ltOKWiO^v^JgWco^Uny^t 

s (wimwm®.) 3 2tmf$.ztix^h. ^j?> 

mcM3 2 li. Si- N«*-y h V-^*^HEn*>S?g 

&imwmfflz>j?%^imi*t Lx&tEtzztmm 
fc^O. * (Hi o, d 2 o) &t^*s^^-y<o®i$ 

ifiS i OFS3 1 tit^TfiV^lftSISfc^O. 

e^r jj-y*« s i o fk 3 1 <o+fcgx-ts i i: amn-t 

PHM=. SiOFK3 1«t»<03^^F*^ 

40 -r*s i o 2 miK«iw*ii: msioi® 

[0019] ^l>r?ySftK3 2±tSi02 MUM 
mm 3 3iWK3*lT^. SiOi m33ff)im 
WWi. S iOFK3 li l 5^<. Wa>&m32 

[0020] SiOFK31. */V^vm(M.32, S 
i0 2 !S3 3Kmi^^gffiS2 0fc:g^r6'y^T- 
*-A*WJft8*i» ■ *-;W4>tW7-7^»4 1 
50 ^*Wi*$JS3iVO>i>. 
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5 

[ 0 0 2 1 ] S i 0 2 &3 3 it»«S 2 (0±SM 
ta(±BEtS) 5 0jWgj£$fVO^. £*)S&2<D&g 
ESSOIN T1K51, TiN®52, Al-Cu^ 
^5 3!^«;X*Vtl8j£$*lTV^. l*<7)m 
2tf>&fiffit&5 0ii. WT5ftf4HZi£&ZtlX^ 

[0 0 2 2] Si O2 &3 3&tf8l2tf>&Kffi*&5 0± 

TSiON&6 1#Jgfi!t£irtV>&. SiON|g6 1(C 

a. m2co^siata5 oizmmthw^&6 2mi$.z io 

[0023] ifcvv?,. £O^tt$m<0S8£lg£IBH)! 

^r&. 02, 3«. *m<r>mimmm£m>h2m 

fflHfciJWtJi. S^&MtffcMOSFETjgjdM 
*0^LTV^>. 

[0024] 3fc1\ 1 0±K. &OE*j£-t& 

E&<9tfcl§#8UI t &SSH^8iffiti& 1 1 3riftia Ltz 

tfeglSll±fc:TilS2 1^20nin»B-rS. ^ 20 
L/C. TiK2 1±fcTiN&22*7 0 0nm<7)KJI 

■cx'*v?miz£*)tmfz>. %mtx. tink2 2 

LXR I E (Reactive Ion Etching) &*JJHv£\ A 1 
-Cu£&K2 3. TiNjg2 2&tfTiK2 1*JB«: 
x-y f-y^l/C® 1 0 *JBj£&niLfc&. 

l^'X W^-y*Bfc3?r£ (02 (a) ) . 30 
[0 0 2 5] <fcWt\ 02 (b) iZ5Ft£o^ B i a 
s-HDP CVD (Bias-HighDensityPlas«a Chemca 
lVaporDepositioin ) £*JflWCS i OFH3 1*1. 
3timtmt&. SiOF]g3 1?>jftJgtt. ICP-T 
ype^HDP-CVDglrtC, S i F4 /O2 
&£KJE#XfcB i asX;\>?3!«*#£*:tf><DAr 
^X*^6nLfc^xmSr#ALT. lxi0 1J cm-3tf) 

[ 0 0 2 6 ] S i O F&3 1 *Jgjfct6 JttfxOlsUBtfX 
fcli. SiSfc^4TEOS/0 2 /NF3 , TEOS 40 
/O2 /CF 4 , TEOS/O2 /C2 Fs WTEO 

SiMtZ&Sim /Oi /CFt , SiH4 / 
O2 /d Fs %C0S i H 4 tf^yggfcfltfiJfctfX+t;: 

w?ttmmnLt:#A&. m^\ts i f 4 /o 2 . s 

i H2 F2 /O2 S i F4 /S i H4 /O2 . S i H2 
F2 /SiH 4 /O2 gOS i&tfF#K£#>U01# 

at., smt%&*fzizgmt:iiiii&wti&%b 
Khtfmtfz&mwiowzmti^. so 
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[0027] HDP-CVDffiS-ffl^Sifcti-oT. 

&t>. mmmkm-*vYv-9Wz$.m.<ryy% 
¥timm&<oc vDmmizx ^xmtt/zm e s r& 

tzX&m.lt:m&. 6X1018 [spi n/cm3 ] 
<OE' center#Sffl$*Uttf)fc*tU HDP-C 

fc. xmmmtzto^xu. s i f 4 /s i h 4 -02 
ismxizx s i ofis3 1 mmtti. 

[0028] &W?\ 02 (c) i&a-ridiz, CMP 
££fflwCS i OFjg3 ltf>flH*ffilgU ™tS&3 
**t3. £0BWIH(C*»WC. mo&MEJ82 0± 
»S iOFJS3 lam&tfO. &nm\Z+ch$.X'. Si 
OFK3 1*W&fS. 

[0029] 03 (d) fcSrridfc. SiO 

Flg31±t:«£Er7XvcVDaKJ:0. s^'Java 
ftK3 2*50 TimfmL. ^TRI6#;*&trt£g&£ 
fr*^x.. H-ftyA-ttit Si0 2 R33*15 

[0 03 0] Si0 2 R3 3<0j£$«J. TEOS/O 

2 ^ mz'J&VFit^fixtfmaZtvKW&X'nfSL 
®tf^l!>tl. SiOj §|3 3*fcli, 7 £^ 

[003 1]=5:*>. ^ynVg^K32fcSi0 2 183 

3k*m-^*>j<-'\>i l zxgmimLx^i>w. 

[0 03 2]^V^T. 03 (e) fc^rridt. SiO 
FR31, ^^3^^3 2X^8 102 Jg3 3fcm 

am i <?&mt}&2 o ts^ts «r 4 r ■ *-;u* u y 

^^-ffttBkRiESffifcioTlSUgiSi-l,. *U 
T , mVfT C VDSffifc J: Wit- 

[0 03 3] ifcV^ 03 (f) teiistf-iSfc. SiO 
2 K3 3±tCX^*«y^ffi*ffl^TTiK51*2 0n 
m, TiNR52*700nm&t^Al-Cu-^K5 
3*4 0 0nm<7)ISa[TliJj^fC«l^*. i5?V^ 

(OA 1 -C uffi5 3±MZV t JX YW-y&Wfrh. 

oTTiK51, TiNK5 22Stt/Al-CuH5 3* 

m&xvi-yrL. &2<?>&mm5Q*wm-h. 

[0034] *LX. ^Ht, +v7&mmtLfi: 

rtvis^-isBvimmb Lxmtas i ome 1 * 

SffCVDSHi^T 2 0 0 nmJfcfTf 6. -eLT. ^ 
2<^tmSJ&5 0±<0S i ONJ86 1 S-gjRWfclfc* 
W-a5«^fflWSm!6 2*^jSL. 
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[0035] *mffi&B££tUi. y'J nygftjg3 2 
CioT, SiOFJg31<0+tC*l6>f5r>*sgA^-S 

ISIlX? (MOSFET) &txasi<o&g 

3>ttftR3 2tt. SiOF|g3 1+?>£fil&F#SS2 
<9&JH!il5 0fcSiO2 jg3 3<o#ffit?Bi*-|>coi- 
:&H!*85 0iSiO 2 B3 3fcoa?*fl:<9&ft 

[0 036] ^fc. ^'J3>g'»klS3 2J^Kt>. Si 

oummmzmzm^hzt ^mxs>i. 
\.m2mm®] 04ti. *^o$2ggit^@£&b 

•e&s. E4fc*ivvc. hi tm-0>®#Mm 

ioo37]*mim®<mmi. siOFig3i±<o 
timvmtmmtf. s i o, <o<x<2)is34T& 

&ZkT$>Z. S iOx (0<x<2) K34«. 
^^-TSittioT. K+fcSi-fc^SE" ce 
nt e rtmtfLZtlh. SiO, K3 4<9#fc:#BM:* 
^(-OHl)i«iAt5t> Si-0»^-OH 
S#»SB1-|>KJS#£tS. taf-Tt. SiO, K3 4T 
<7)S i OFj^ ifc{!^3ft&*lt>f*y<9j^«#ffi 
83*u ^l<o^«ES2 0*^-fb-r&c:tS-HiiI:-t 
6. 

[0 0 38] *Jt. P^KSiOF|g3 1tf>+<D5fci!E: 
F#, Si 0 2 JSl3 3lZffiktZ>Ztim\ SiO! 
IS3 3 fc82<D&«E»5 0 tOS»tt^^l!6±^ 

**ve. z<r>^mimm<^mmimmti>. 0 

5. 6ti. *ll^cD®2llSSgSlt^SI!bfilHt2^ 

[0039] 3fc1\ S&llliMifciSttS03 ( c ) ffi 
S i O F§|3 1 (O^&im. H5 ( a ) iZjjftX 3 fc. 

5 i OFBI3 l Jhfcu SEEC VD£$-J8 vvt S i O, 
(0<x<2) K34£5 0nmj£lg-r5. SiO, ffi 
34ti. SiOi IZifr^X S i Jt^)« V^>- 'J 3 ygHt 
Kfci-^< . S i <0tt&ST-&S#;*. GUtfS i H 4 
(tetfA&lztt-t&ikm*. ji^r^XvcvDtJ: 

6 S i 0 2 <Dj£§|&frJ: Dit5fcfcSl£S:JBvv£$j£-f 

[ o o 4 o ] s i h 4 ifwftmmi. mwtiMtx 

^ElS i H 4 tfxm£MHt<r)\ . 2feb 

ZZkT. SifcOfc<0Jt#Si : UzftLO : 1. 7 

[ 0 0 4 1 ] S i O, Wk34ffMfflk. S i H« tfX* 
£ 1 / 1 . 2 fcffiTStfT S i O2 mfi&Mrth&ftiZ 
^SgL. 1^— f-rWC-tfifcrCSiOj H3 3 Sri 50 
nmitfftS. *LT. S i OFM3 1 , SiOxl3 

4avsio 2 K3 3t®i^giaa2 0fc^-rs 
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»4 1 $rS#>ii*JBjfrr£. =3ri3. XmSffimx-li. S 
i O, H3 4 S i O2 K3 3 f: yA-tJjfc: 

[0042] <*wt\ ft lltfttBBfcFHHc, s i 02 

JS3 3±fcTi|g51. TiNK52, Al-Cu^ 

&5 3i>mmztv£m2<r>&jg£j&5 0i&m-&. * 

LT\ ftl§l*t0gl$fcPl«fc. SiONJS6lSr«EC 
10 gffi*85 0±<SSiONIS6l£giJWfclifcfcU 

me2t:mm-h (05 <t>) ) . 

[0 04 3] *mjmm££tM. S i O, j&F^S i ... 

mmm=t (mosfed m^msm.<mm<r> 
g{tim±i-zzt&x$&. mmiz. siOFj8+*> 

£»5:Fa<Si02 JgfcJfilWSClfcSrRSr. SiO* 

[0044] ffi3mwmi H6«, *mi<om3m 

1 iaix^i<o^gffi«2o±fcm§^*e»is (t 
mwm) mm&isv*4 v&3 5tnws*iT 

PSG, PSG^VMiBSG^fflV^it^-CiS. 

mm^j^ m\t. s i o 2 miz&Kxmgtf 
x-hh. 

30 [0045]T«ffi»Kfi*^U^hK35-C*-5T 
«KS?5:^y3yS^K3 2Ki- 5 T*l6>f^^* 1 
^U^>f MS3 5tJfeiSrTS^i:Srl»r. SSlW&JKffi 

»2o*^^rs^fc5-i»±-rs. $2»iss 

fc^aiC SiO, ( 0<x<2) mt:m^&zti>«i 

mx-bh. 

[0046] Xfc. -iO^^Sc^jglgi-iiHW- 

H7«. *m&&2mmmmb&wdim.2m 
inii0giii:^«t. ^«««io±t=»«$^te 

«) »Kll±fc:. TiK21. TiNJfi22. Al-Cu 
^K2 3^5:&mi<O^Siai2 0$-JBjS-ra (0 
7 (a) ) . 

[0 04 7]<KWC\ vUir>f h«$-pyxh»5tH 
WC. mttt30 00 r pm0)®&Z1&L%tft>mifiL 
fcfc, 250JS, 30sec«omi»3!&S!ia> 450 

m. 3 0min<om2<9^mi:mmtzkizi*)^ 

■W^SWttSMKS-frTWt ■ JRftS*. K91. 5/i 
mWiaiBj/'JW b^3 5£B&t& (07 
(b) ) . 

50 [0048] StNfc. y»J^>f h«fcLT. BMtftttH 
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3f»SOGR7 (Spin -OnG lass: SOG, 
HitachiChemicalCo. , Ltd. , H 
SG- 2 2 0 9 S-R7 ) WLff^XOBM h 77« 
SehumachertUSPAE (itf'J TU/PX—f 

Try) . r-7^5^ai?ii«soGHSQWfflv^ 

[0049] *WC % 07 (c) ^tXdiZ. CMP 
(Chemica lMechanica lPol ish 
i ng)8ffi£fflv\ ff»W»^U4r-f Hg3 5£«flg 

2 otcvimmmtf. o. sumiz^htx-mmth. 

[OO5O18SHSSSB3BUD03 (d)~(f )®mt 

tixmzm&zttzx^x. H6£^L*:¥#ft&g# 

Sii:*^. figiS^-? (MOSFET) aV&Kffi«<0 
[0051] JJf«i8igfc LT. TStfeSKfcH-WW 

wshmtmnx lx a m\^x^mmmmh z. 

[0052] tti. isammmtz&^x. ±mw& 
a. imfflmhizBtftztix^titf. ma&atx d 

[0053] ZiUA. 02 ( d ) fcS-**B&fc*tLT. 

s i 02 H3 3izs&®6 3 *a*u § toffies* 
»6 3rtt. ineaii«>ftiaai2 0 2:«M-«j:aic 
f-f r • ft-A'fcfffti'*. >:^^ r • *-;n^fc«o 

*WT5</*t4 1 *aife&»#AU4K £StoffiM$t 
6 3mcTiJS5 1, TiNjg5 2£WStf3Bl£U Al 
-C u££R5 3 ifmttZ k£.£'>XBtf&tl&. 
[0 0 54] ite^ HDPm&UiicPim^i>. 
ECR (Electron Cyclotron Resonance) ^He lie 
on (Helicon WaveExcited Plasia) ^tffft^hZbtf 
X'ZZ. 

i o o 5 5 1 s *>tui. iMwmt ixTmtmmt 
ixmftimwg&m^xb&w *<m, *m 
a. *<rm%$msti%^mx\ n«$WLxmmt 
hzttftimx-hz. 

[0056] 
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1 0 

isi w^imtmrnzmmi-zz tx-. m^mms. 
zttfix-zt. 

i a 1 3 8 1 n*»e®fc«i>&^^acoiidci&^ 

10 BfffiH. 

[02] mi&i»JSfc«;bS¥$tt§g§<Oi^g£ 

. . ^IgfffflH. 

[03] mit^Sfc&fcS^ttggtf)SMI£ 

[04] mimmmtmiztmitmmnmfiL&Tfir 

Brffi0. 

[05] ^2HM^®fc^S^f*^M<0S!jSlg^ 
SrfIgBrffi0. 

[06] &3imm£®bZ>^#3m<r)®l6.i*m 
20 MEM. 

[07] m3m]mm£&bz^mm.<r>ffif$.z*?t 

[08] *l6Hj<7)-^^t:Si,s^f*SS<0«B£^ 

1 0-¥g{frS« 

1 1-KtlR 

2o-mi(^mm (t^bjs) 

2 1 -TiK 
30 2 2— T i Nig 

2 3-A 1 -Cu^i 

3 1-SiOFK(TJfie»IS) 

3 2 -^j ?>mm <iiM» 

3 3 -Si0 2 &(JJf|&tilg) 

34 -SiO, (0<x<2) Jg (HfcliJTOtfeSlS) 

3 show^u^ m (jfetBrpJdiasR) 

5 1-TiK 
40 5 2-TiNK 

5 3-A1 -Cu-g^fi 

6 1-SiONffi 
6 2 • 

6 3 -mm 
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